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^ (57) Abstract: A polymer electrolyte film which comprises a polymer film having a plurality of through-holes provided in the 
thickness direction and a proton conductor filling the through-holes, characterized in that a relative standard deviation (Lvar/LAvc), 
wherein Lave represents an average value of the spaces (L) between the centers of adjacent through-holes and Lvar represents the 
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standard deviation of the spaces, takes a value of 0.3 or less; and a method for preparing the polymer electrolyte film which com- 
2^ prises forming the plurality of through-holes in the thickness direction by the use of the photolithography and then filling the resulting 
\f) through-holes with the proton conductor. The polymer electrolyte film allows the further improvement in the miniturization, perfor- 
© mance capability and productivity of a polymer solid electrolyte film, and also, when used in a direct methanol fuel cell (DMFC) 
using methanol as a fuel, allows the suppression of the permeation of methanol, which leads to the improvement of the performance 
© capabilities of the cell. 
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££M* (P F A), T- h77J^OIf l/>-^f l^>ftto^ (ETFE). 
'J ? 'V •fb if x ij -t* > ( PVDF), tK 'J ^ 'V <b tf x;u ( P V F ) „ ?K U ^ P P K U 
37;U*nx^U> (CT FE), ^0^b7K'JX^b> v »*fc7tf'J72 'J px h 'J 

tf'J7? 'J PX h ij JU S tK'JxX^U, tK'JTS F\ tK'J x^U>. *°U 7 

cja-ets PT FE, FEP, P F A, ETFE, PVDF. PVF, CTFEft 

if a) 7 vmm^-tG*' U ?fr & &*ttH;ftt. MJRl£BS©W*tefc £©£**&» 
25 ft«„ «*tLTI4s 8«» ««ftifWc|fi56*#i*- 

tH< Hii*s>*i<&. ^**tLTii. #«SL x- K;u/0^&, 
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mnmcotmn^^it. *©»Bi::«fc ■ salt® <gT£i» 

to , % »'<c £ © #* L W# "C * * . 

< t =t,«t«#«tt«lRt tt*tt7K'J ^ £^fra»1tt+Fil?lf £f£l+£ C <!: L 

*$6w©!S#*w»iii«£±iB©ii-*ii«£tt: (mea) (cfflu**^, 

MltmcftftH Lfc&lc MEA ttSC £ fc£F£ L^HjHS^T'fc^o^JxIi. 
15 $&lz«*4**/—;u©2iB£(Sai , #' ^HiiE^^T-SSIIJfiJctt 

20 u 0 to^Unia^f*©^^ h^uxicj; y-fMb-r&c'£rt<#£LU^S£$*l'e& 

ttlzkVmmmnZft&^t-efo&tf* 40°C~180°C, 10kgf/cm2~ 

80kgf/cm2 Ll^o 

*iBw©js» ; f-*iBHi«tt, ffi^©*afc«aicafflRTtt-efcs. 

*4i©tf*y. &KlI££*t<i>t©-C*l*fcUtf, * * /-./U* 4 DMFC 
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ft < #a 6*i**<* *tt{*0*a»*a**#* li*. »»me, /<v = 

PDA ft *ffl*.'<*. h7V*ft£©e«l** 

ink. li*imi#"<?**. 

5 

m m m 

10 HK5^ 1 

(1) £?Lt±7-f ;uA0ftfiE 

ft, 350°CIZT 7^^-^ Jfiofc, d tl £ 7 'V ilSLTv'J n > ^ x 
15 /\**'&HA<L.T£?Ltt3l*y-f 5 JUAfcfcfc. »&*lf=7-f ^AliHKDa 

y -efe L J, ^iFLttTK'J * S K7-r ;UA<7>*1-M;£# 8cmx8cmft, 10# m 

V. *&:<D SB 1 2.2cmx2.2cm ft^fe"^ 1 ©JBHI*# 

^ftgf 2 t:'fci>o 1 ttet^-CI*?lftd3b«tt 12/im ©RfflUfcfl. 3 A«ffit^ 

Tfcy, miI?L<»*'i>M Lli^ 33// m, B?j?LifMi#J 11%. JtafL©ffl*l*t& 
20 442,000 fll-efcofco ^ ? fcHafl.a)*'&IBIP«'L <7)¥^Jfil LAve fcftMIt 
Lvar£##K tBttfl^fiM (LVar/LAve) # 0.17 "Cfto fc. Z(D^fLSP0)^ 
SM^flHMt (SEM) M*ffll*fc*M»H*«IB3-e&*. 

(2) S» : F«»Hlla)fta 
gI^(1)lcr^J$Lfc^?L1t7-i'^A^ Nation ftftfcM. h 

25 >»*(**** Naflon'sK 'J TAt*«**Lfc^fl.tt*y S K7-fJUA^ 6ft* 

(3) 1tS<0^fiE 

io%PTFEa*iaa*fiL^aL-cs«ia4t*fiFi«ufc. 

dfl>*a»#±l::* Pt-Ru Nafion»*#6ft*7/-K*«tt» 
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M£>JI. tt»UT7/-K«8*. Pt *If#:*j-7t?><t Nafion M^&fc-S 
* V- K«attJt*ft£*X. _tt*LT*V- K*8£flFI*Lfc. 

SiS(2)©Jft» : f««flJi* .Big(3)T?frULfc7/- K««i* V- Km 
5 «T»*»LllI»^^X-r*=:fc-C«-mail^ft(MEA)*ftJjlLfc. 

■fe/<b— — KfiSlC 3%MeOH ?Ki§&, * V- K«i]C:£&£3S LT 
MEAffflfi£fH^ ^^!±J±lTM.4[mW/cm 2 ]^* Lfco ffffidS*** 1 o 

£2feffl 2 
10 (1)£?U47 -f';u A <Dfl?fifc 

*3^'itrll3tL, 9 flu *2feft* 350 o cicr^;i/^-<7 ^ff ofco zii&z>vm. 
jsarcaau-c?/ y =i >^xMAN&fijA<LT^fl.tt7Ky -r s k?* jn*safc. 

8cmx8cm ft. J?£# 10//m 7?. 4"*^^?LSI5 1 lifl-M&tf 2.2cmx2.2cm ft 
T'fey . £?LSB 1 a>JBHI**£fl.aP2 Tffc*. ^fLSP 1 IcfclNTI*. ?M£ d 12 
|im-<DRaLfc7L3A<ffi^Tfiy. BH?L*tt*& 11%. M ft® Ml* til 440,000 
-C & o fc . IB y * o fc Jta?L<D + d> MM L 0) LAve £ MM LVar * ^ 
20 #>, ftttaMS (LVar /LAve) A< 3.1 xlO- 3 T*fcof=o 

(2)S»?-««paMa)^« 

Nation 7Ky7*a*Lfc£fttt#'J-f 5 -f ^Afcfli^fclSa^fcffiSt 

25 (3)H#*»^Fa*»*ji!i<D^*ai;iMii 
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ft**! 1 

L J. Bfl?L3M*ift 11%. «J*l*8/im Tf*-3fc. »y^ofcJiafl.a> + iC>MPBL<D 
LAve t^IipM^ LVar *B*t*imifiM (LVar /LAve) A< 0.45 fc 

Ofco 

i 

^(1)CD^dFLf4^-f JUA£iUife$J 1 tPltilc^a h>«#-efc* Nation *° 'J 
£p)«|:i MEA fffffcffofc. ff{0M£S 1 EOS* "J ■efl.atfJH* 

mmm 3 

(i)£fl.te7* ;uA0>tti* 

-r ji/A^^ftgp 1 uubh-ci*, fl.gd*<.2o//m ©jtaufcfl. 3 ^six-easy . 

Jtafl.fl> + i&fflPHJLttft 32// m, IN) ft* I* ft) 30%. S STL <*><§& lift 480,000 
<IT*fo-ofc D TUeaiiSUfefl 1 £EI«T?*ofc. 19*ofcIIfl,©«t>OB« L 

©¥$14 LAve £flMS LVar tiMWM (LVar /LAve) tfi 0.16 7? 

i 

{2)m>'A*mMMm<Dim v 

ft* Nation 7K'J"7*a«Lfc£fLtt#'JW 5 'K7 <f JUA*ffll*fc*a*m«» 
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- K*«1f*»LlD»^bX-r*^ fe«-mtt*^**:(MEA)*{^aL. 1 
HWJ 4 

Jt»fl.a>4>foMPBLI*#& 12/irru Bfl?L*te» 50%» Jta?LeD«»l*i& 3,200, 000 
fiTf&ofc. ?LR$iJI*£%0H £H«.7?<feofc. »y^ofcJtai7lfl) + '£>IWPS L 
<D¥t*Jfil LAve t|$fiS LVar *B*tJI^fiI^ (LVar /LAve) ft< 0.18 7? 

(2)*»Tm»n«©fi»i* 

fc-g. Nation tK'J "7 £3fcJg| Lfc£?l&7K 'J -f 5 K7«f ;U**5HP**ltI»*fl»J* 
Lfco HEI*^ 31//mT*ifeofc„ 

»xe(2)<DS» : ?-m»JiK*.sii5«i 1 tmrnzatmLtzT s - vmkii v 
- Kwnfjfctti.ina&^u*-*-*:: fcT?«-«a**#(MEA)$f^iaL» 1 

£H«jcMEAffffli£fT-3fc. M<S**a2lc*-r. 
l£i$0>J 2 

//m (7)S® LfcfLT?. ^Mttifo 30%. JiflU* 10jim fl>$ttM*HttLfcfcz 

ID PIG L (D^iSiii LAve £84Mg£ LVar £#J6, *l*fr*l2£fili£ (LVar /LAve) # 
0.45 ffcofc, 
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Aim rom® LfcTLT?. BBfl.*l*«S 50%, gtfltl* 10/i m ©S^tt^ilS Lfc t z 

MNl'L 0¥^lfii LAve tmmimm LVar ffi (LVar /LAve) # 

0.66T*fcofc. 

10 (1)£*Ltt7<f JUAOftfig 

HOtlcT^U Lfco CHIC 7* hVX$ £)&*ltTB3fcU *2fe 

ft. 350°cizr tfrofc. =*i*7^K}SJfticaaLr*> l J=i> , 7x 

15 8cmx8cm ft, I$3^10^mT', B5(D»tt^ * *S&lc 1mm W0>9 

1ffl?L£4ii, MlcftBitfttf 2.2cm x 2.2cm ft (D^TISB 1 * 2 ML. £?L 

(2.2cmx2.2cm) liMftM <b p]^0)iB5>J "C. ?LS d tfffl 12// m <Z>KiI t fcfL 
3A^UT33 l J. aafl.© + <>IWPiLfi|S|33iam, 11%. Jt»fl.©fi 

20 ft I* ft 442,000 ®X>&-otzo J$ y £ o S il ft <& + '0 Pel PS L <7)¥*§fil LAve £ fl 
*MLvar£*J&» (LVar /L Ave) *« 0.17 Tffcofc. 

(2>i» ma$ & t; ft # * ma? ft ft a 

l\-CJ»*8U£f*l*Lfc. ttl*T, Nation jg&lcjia. «»U 

25 ftMSftft-Lfc. teEI4»33/imT?fcofc. 
(3)1tS<D^fie 

0t£*Ut9 OXg**£ 20% PTFEMfllgfc fro PTFE £ 20%^fr * 

Pt-Ru Nation 7 ^ - KMttlflUfej***!. f£J£L 
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x7 j _ ptt££, Pt &%f1}--#yk Nafion V— KWattlJfltll! 

- Kill 2 Lira^^bXf'SJ: *T!HI 6 side-by-side IIjgCDJi- 

*att£tt(MEA)fcfl»J*Lfc. MEA t b — $ IC^^T / - Kflllc 3% 

MeOH * V- KfllCffifiSaLt MEA SIESftofc. gME£££$ 3 

(1)£fLtt7-r;UA 

8X^(1)1:: T ft $ Lfc^ftfe? -f JUA(D^*ro#mffl?LI-*1^-X 
HJI£ttJ£Lfc. BIEIilt) 35/^ mT'feofco m&RfflZttMt Ztztb* 

IKDStf^mflStffi*. £MS« 5 iH»lzft^Lfc*a*ffl^T side-by-side 
aift©BI-«aa*(*(MEA)*f^aLfc. MEA ^-te^U-Sdi^T^-K 
ffllc 3%MeOH * V~ KffiJfcS&StfcSS LT MEA 1MB & ft ofc. »M& 

aWSTLfc. 
tttfctt 5 

117 *JBIV Hffiftl 5 kmmkftf&LtzntMZft^T side-by-side 
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!::3%MeOH*8jft. * V- Kftlcgft £36 LT MEA ^ fc. .If ffi$S££ 

5 HJfeiflJ 6 

mmm 5 ESffi^-eiiLfc mea v- Kiijt^m^mo^^isitfc-t 

/^-^l;^;- Ktlfll^ 3%MeOH *»5ft*»U * V - Kiljtf **Ucfg$i 

10 

(1 ) m*^ to * a «s »s » © ft m fe * tf » ffi 

tb«01 4 IBKO^jST-Pl^Lfc MEA ** v- K*ll::**Htt©S*Ritfc-fe 

3%MeOH 7K5£?££»iEL. * V— K«*<*SCI=ft» 

7 

20 1 ©ia(1)iH»l=*fl.tt*y < S K7-f*AtftrtLfc.ll5*ifc , 7 

-f jUA©>fl.» 1 lc*3l^rii, fl.gd4<3/im(OjliiLfc?l3 4<ffi^rfcy. ft 

25 B£lfM(1)lCTftJ&Lfc£ft14:^;uA£Hi&0!l 1 ^^il^O h>3W*T? 

Nation Ttx-'J-^MLfc^fl.fitf'J'f 5 K jH>»»***K«*frl* 

(3)H#JSa*s«8*jfi©fti*&tfiMi 
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fclBJHHc MEAfflMB£fiofc. Mtt*£a5lcS-*-. 
8 

5 (1)£?L1*7-f JUACDM 

-f ;UA0)^fLg|5 1 |C33L>T t*s Mdtf 18/um <D Jt jl L ft 3 l*T y , 
flJB5Uli£ttHH 1 tPit\ BflMliW 10%, P» y * ■afcJtiifl.O + iOIHlll L O 
0.18 15 fc o fee 
10 pjEtf^MStlBOttJ* 

fc£ Nafion # U V £*E« Lfc ^fl.tt?K 'J -f 5 -f ^A^^^Iili^ftS 
Lfc. HEIi 32^mtfcofc„ 

9 

20 (i^fLtt?* juAoftj* 

<f jUA<D#?U0 1 iCfc^TI*. ?L&dtf 50jum (DmJILfcfL 3 tfffi^Tfcy. 
TLSaittggifcffl 1 F*1?L^li^ 5%. Wy£ofcJt*fL0>4"&IHlM L 0) 

0.20 -cfcofc. 

25 ^Hfl^lfHtfllroftsJ* 

»XS(1)l=Tf^*Lfc^TLtt7-f ;UA££!fc0i] 1 tHflllc^P h>3MH*T? 
Nafion tK 'J 7 ££ig Lfc£?L1i# 'J 5 * JUAfca****!**^)* 
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tHttic me a pffi^frofc. Pia5$sm^a5ic^-r 0 

5 HifcflJ 10 

(1)£fLtt7 -f ;UA<Dft|& 

< Jl,A<D£?Lgfl 1 iCfc^TlS, fl,gd A< 12/im 0>miILfc?L 3 tf^Xtik). 

nmmitmmm 1 £is]**t% Hjfl.¥tt#&55%. wy^-afcjtiSfKD^^wiiLa) 

10 ffi»«Ma3b<0.17-efe-3fc. 

!Sxfi(1)l--C^J?gLf=^fLt47^ Jl/A£ HJte^iJ 1 tBiaHc jTp 
fe-S Nafion tK'J T£fc8Lfc£ntt#y ^ 5 K?* JkAfc#*BflR&£flsj* 
Lto IEI4 3 8/imt'fcofc 0 

15 (3)Bi*JK# fMt&tfffffli 

t pi m i c m e a m m £ ft o . vp as $s a £ a 5 1 c ^ . 
20 mmm 11 

-f ;UA0)£fl.Sii 1 iCfcl^TI*. ?L&dtf 30 //m <7)SiI Lfcfl. 3 tfgl^TfclJ , 
25 0.16 "Cife -3 fc. 

»ia(1)lCTf^*Lt=^?Ltt7^;UA**it«l 1 ^WttlC^P h>3»*{*Tf 
fc3 Nafion 7KyT*3t«Lfc^fl.tt*U-f S K7-fJbA*#T«*KII*fl!ia 
Lfco HEI*3 5 /im-e&ofco 
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ttxs(2)©*» ; f-«i»Ji«*. mmms tmm^mLtzj K*at* v 

- KSIIT?*^ Llllift^ l/^t 4 = i Tf I-Ifitt^#(MEA)* ft* ^JfcflJ 1 
tHtHlcMEAl¥fiB*fTof=. fffBie*£*5l::**-. 

5 

smifl 12 

(i)£fl.te:7<f Ji'Afltfna 

-f yUAfl>^fl.SU 1 {C Jo L^T lis ftgdi)< 80 //m <7>KiILfcfl, 3 tf^tfelj . 
10 fLiB^JIiUm^J 1 fcPttTf. Wfl.»l*» 10%. «y£ofcJtfflfL«>*'blJflPW Lfl> 

0.18T?fcot= 0 

Ri8(1)l:tft*Lfc^fl-tt7^ Ji/A£5S»0i 1 iPHHlc^fn h>#m<*t? 
&« Nafion jKU^**«Lfc*fl.tt*'J-f S K7^JUAJfc^*«HrK*ftrt 
15 Lfc, IEIi3 0itlmf&ofc, 

( 3 ) n & ^ # ^ m » & m m o ft $ a t; it a 

MEA M£frotr 0 HHBlS**ft5l::*-*-, 

20 

1 3 

(1)£*H£7-f ;UA0ftJ$ 

HJfcfly 1 ©iScoiHttlcfrfl.te/K'J'f s K7-f ;uA^ftjSLfc 0 #t»titc^ 
^UA0)£fl.$P 1 Icfcl^Tli. fl.fi dtf 5, 2 0. 5 0)umc7)a®Lt=fl,3^^ 
25 IN-Cfci-K fl.IB$iJI*§!i&0!l 1 £R»tf* IMfl,*tt*l 10%, M l J ^ofcllfl.©* 
ibMWL 0.21 X'&otc 

ft« Nation 7KU7£;fcigL*:£fl.t£# , J'f £ K7 <f JUASsa^SfBSRfcftJ* 
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5. £ ®mz MEA M£fr ofc. HM^ft 5 iZTFito 

10 -f JUA0>£fl,gB 1 lc*Sl*Tl*, flgd^0.1//m(DlILfcll3^^ttey, 
fl.E*H*$tt0l 1 tl^^. Mfl.¥l*£l 10%. HI y *-3fcJtafl.©*'bllllPi L © 

a»siiii4 { o.i9tfcofc. 

(2)jS#**»JtIK©ttJa 

l£xfI(1)l~TMLf::£ft1±7<^A£§i;M 1 4H«t^Ph>f«ftt 

15 thh Nafion # «J 7 £3fcJatfc£?lte# 'J 'f 5 ^A^TlllII^ftS 
Lfc. l«EI*3 4//mT?*ofc, 

ttXg(2)©JS#**»*K£ . iMI 5 <b m«K=f^* Lfc7 y - KSffit * V 

-K«a"e*»Lin»^b^ , r*^i"T?K-mM*ft(MEA)*ft*L. mmm 1 
15 

25 -f JUA©£fl>g|S 1 fl.fi dAU 0//m ©RJILfcfl, 3 ^TJ3 l J. 

?Lie*iJI*giffl50'J 1 iH«t. Mfl.¥ttt?l20%, »y^ofcJtafl.©*i|>RIHHL© 
0.18 "tjfcofc. 

(2)^^?-m^M)i©^jiK 
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fci> Nation ^'J7^jE^Lfc^?L1i7K'J-f S * JUA£ffll*fcfc*HF«#* 

tl^lc MEA fffffcfrl^ MtH^T? 3.9[mW/cm 2 ]£i*Lfco 

LAPlft^ 3 C £ T?jflMia*£{*(MEA)£fl5J* L, -fez* b-^ 

H^^^ v: PM^*4m;l!l-ir^^^JSLfcc ;KD«m«jl!HzJU£-tz;U3ffi : 6 0°C. 

mnn* km* : as*, xxmrnm -. 7J- K7 o%/*v- km o% 

|cfcl%-C*3t-*E (I-V) aS^frt^ fiiUaj^l? 51[mW/cm 2 ]^^Lfco 
16 

fl.E9ttl*£lfcfl t^Ha** BIB.*l*tt20%, »y^ofcJtiifl.©*OIBI|!» L<Z> 

(2) »» : F«»R«©ftJ« 

■ ttia(i)i=Tftj*Lfc*?itt7-f juA*aisfl 1 tmmzzfn t>>mnftTi 

fc-S Nation tKU "7 Lfc^fl.ttyK 'J -f 5 «f ^UA^ffl^fcSS^aWfl 

(3) @&ig#^MMmife0)ft$:&tf* * / -;u*»« t 

sxaorosa^aflssta** 1 tH»i=f^jaLfc7y-K«at* v 

£ PI a MEA M * *t I* . mfe m * *C 4.2[mW/cm 2 ] £ ^ L fc , 

Kxa(2)©*» ; f-««ji«*» aaa 1 in»i;tt*i*fc* v- Kaa'-csa 
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mw^^mmmmm-ii^^^^L. nmmi 5 kmm~*m&<D mea mm* 

'fs l V ft ft Hi ti T» 55[mW/cm z ] £ L fc . 

(1) >?ltt7«f ;UAfl)f^J* 

$%0H (Z>xa(1)i:l8l»lc^TLlt7K'J-f 5 K7-f ^i*ft*Lfc.HS>*ifc7 
;UjU©£?LSP 1 fc&ltTtt. fl.fi dA< 20 vm (DM'MLtzK 3 ftCgltTftVK 

?UB?>JI*£JtS« 1 tPHlTf, HJfl.*l*tt 10%. HJltt 10// »y$ofc»ffl?L 

© + fcWPiL©tt»*iMH&*< 0.17"Cfcofc. 

(2) »» ; ?-m»siKa)^ja 

BEia(1)l-TflFI*Lfc^fl.tt7-f JUA***« 1 tB«t^n K>*«ftT? 
fcS Nation 7K'jv£3fe*Lfc£fl.tt#'J-f 5 -f JI>A£ffll*fcS#*W»k 

(4 ) n f* & a * m m *4 m m © ft j$ a ?k at x » « 
»i8(2)©»»*«»nii*.s«« 1 fciaatflpjaLfc* v-kmub« 

MEAMfcffofc. MUSH £316 1- Me 
gtJ£0lJ 18 

Hfifctfl 17 iH«©£fl.tt7.f ^AfcXJUTtOflstf'J -f S K(Pl) (f 
ft: l.7meq) »*lcS8iL. 5l#±tf. *»Kl»*ftBR Lfco B 

El* 32/i m T?$iofc 0 
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^xii(i)ro^^^mfi?MJi^, mmm 1 tmzi-ftf&LtzT ; - Km*i<t* v 
tpj^ic mea mm^'ft-Uzo mmm^^meiz^to 
mmm 19 

mmm 17 ti^^o^TLttTHu-r 5 k?* ;bA£7ju*>ibtf >j 71/ 

*X77-tf >(PDPOP) (-f *>£&iaS : 1.0meq) 8»fcjI3t'L» §l£±lt\ ' 

mjLmivn&tt+MmMmz. mmm 1 1 isi^ic^jig l^t- /- vmrnttiv 

tRIfclcMEAMSfr-afc. MIS*** 6 l::*?" . 

mmm 20 

K*JU*>(PPSS) 2.0meq) »«fc»atL. 5l#±lf. 

tt»LTKa*«»ltl!*ttJ»Lfc. ttEI*30nmT!fcofc. 
(2)@f*ii5#^M^&^;t!l<©ftJ£:RtfM 

tH»f=MEAMtfTofc. Mf6***6t* , r. 

mmm 21 

aM-cMMinbfcjK'J 17 tw»©^fl.tt^'J-r s k 
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U m T? fe -3 tz o 

- k mm v l ad m zr u * -r & ' z t -r* ot-is an* <* (mea) * a? j* u SKfii 

HSfc#>J22 

(1) *#***itK©ffi* 

l, §i£±it\ tt«Lrit»^mi!mii*fiFjaLfc. ikei* 34// m -efc-afc. 

(2) H(*R#*S«fc«?l!ia>ftia»tffflI 
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